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ABSTRACT

The reduviid bug, Triatoma infestans, was Investi
gated as a possible vector of Rauscher murine leukemia,
since these insects are closely associated in nature as
inhabitants of rodent burrows.
The effect of triatomid ingestion of leukemic blood
was tested by maintaining insects fed on leukemic mice for
various periods, and then injecting whole-insect homogen
ates into test mice.

The viremic period for mice injected

with Rauscher virus was determined by inoculating a large
group of mice and sacrificing them over an 18-day period.
Blood and spleen preparations were assayed for presence of
virus by inoculating test mice.

Biological and mechanical

transmission was attempted by feeding insects on leukemic
mice and then on normal mice.
The infectivity of leukemic blood declines over a
48-hour period after ingestion by J_, infestans, and no
disease was produced by blood maintained 72 and more hours
in the insect.

Viremia occurs as soon as 1 day after intra-

peritoneal inoculation of mice and persists over the 18-day

period studied, with the exception of day 7.
of virus rises significantly.

The titre

No evidence was obtained

for either biological or mechanical transmission, although
positive results were observed using an artificial means
of mechanical transmission.
It was concluded that T_. infestans probably does not
act as a primary vector of Rauscher leukemia, and no repli
cation of virus takes place in triatomid tissues.

The

ability of T_. infestans to act as a low frequency or occa
sional vector was not tested.

vi i1

INTRODUCTION

In 1962, Rauscher (24) isolated a new, highly
potent, murine leukemogenic virus which induced a bimodal response when inoculated into BALB/c mice.

Mice

of different strains and of various ages at the time
of virus inoculation showed essentially the same gross
and microscopic pathology.

However, the interval from

the latent period to the appearance of palpable spleens,
the mean time of death, and the ratio of mice dying with
extreme splenic enlargement without detectable leukemia,
to those dying with increased erythrocytopoiesis plus
obvious lymphocytic leukemia was markedly influenced by
the age and strain of the recipient animals and by the
size of the inoculum.
The pathogenesis of Rauscher virus disease has not
yet been satisfactorily established.

Some investigators

(8, 20, 25 , 29 ) find no evidence of the late developing
lymphatic form of the disease and would classify Rauscher
virus disease as an erythroleukemia.

Other reports

(9# 22, 24, 26) characterize Rauscher leukemia as an
-1-
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intense proliferation of the erythrocytic series,
followed by the development of lymphocytic leukemia
originating in the thymus of mice which survive the
period of extreme erythrocytopoiesis.

Further support

for the existence of the second, lymphocytic phase is
shown by the inoculation of Rauscher virus into rats
with the development of thymic lymphoma without the
splenic erythroblastic proliferation (24, 26).

The

rat-passaged Rauscher virus, while still capable of
inducing thymic lymphoma, would no longer produce the
splenic erythroblast response when reinoculated into
mice (26),

In one study (3) a myeloblastic leukemia

occurred in BALB/c mice which survived the splenic
rupture associated with early and intense erythroblastosi s„
Erythroblastosis in BALB/c mice inoculated with
Rauscher virus is evidenced by a palpable spleen 7 to
14 days post-inoculation.

The spleen may become 20 or

more times its normal weight 3 to 6 weeks post-injection,
and grossly resembles a blood-filled sponge (24).
The initial histological changes noted in the red
pulp of the spleen are multiple small foci of cells
which have a deeply basophilic cytoplasm and nucleus (9).

-3-

In later stages normal splenic tissue Is replaced by
lakes of blood and masses of large basophilic cells,
Identified as erythroblasts.

Splenic nodules are

obscured and thrombus-f11 led cavities formed.
In the liver small foci of erythroblasts may be
seen between cords of liver cells, usually a week or
more following their appearance 1n the spleen.

These

foci increase 1n number and size but never are as ex
tensive as In the spleen.

Upon gross examination,

hepatomegaly is a constant finding, and the liver some
times assumes a mottled appearance.
Enlargement of the peripheral lymph nodes and
thymus was noted In 40 to 95 percent of mice which sur
vived the first mortality peak associated with extreme
erythrocytopoiesis (24).
The peripheral blood shows striking changes toward
the end of the erythroblastic reaction (9).

Beginning

about the third week post-injection, blood smears demon
strate progressive changes consisting of polychromatophllla, anlsocytosls, poikilocytosis, and Howell-Jolly
bodies of mature erythrocytes (25).

An increase in

reticulocytes and nucleated red cells becomes evident
with progressive enlargement of the spleen.

Many of the

nucleated red cells disintegrate on smearing, leaving
only smudge remains, but of the intact cells the majority
are identifiable as metarubricytes, rubricytes, and prorubricytes.

Anemia occurs late in the disease, but no

hemosiderosis has been detected (9).
When lymphocytic neoplasms develop, the erythro
blastic reaction in the spleen is slight or absent (9).
The leukemic cell has the same morphology as that seen
in spontaneous lymphocytic neoplasms occurring in mice
(21).

The nucleus of the neoplastic cell of spontaneous

lymphatic leukemia is round or slightly indented and is
surrounded by a narrow rim of basophilic cytoplasm.
Mitotic figures are frequent.

The nuclear-cytoplasmic

ratio is high, and individual cells are larger than cells
in normal tissue.
The leukemic cell may closely resemble a normal
lymphocyte, and have a deeply basophilic, small, round
nucleus with a scant rim of clear basophilic cytoplasm
(10).

Or it may be much larger than the normal lympho

cyte, and have a round, or slightly indented, vesicular
nucleus which is less deeply basophilic, with one or
more prominent nucleoli.

The cytoplasm may be clear,

it may be distinctly basophilic, or it may contain a

-5-

number of azurophilic granules, called magenta bodies.
The cytoplasm is relatively abundant in the less differ
entiated types of lymphocytic leukemia.
The thymus was first incriminated as the specific
site of origin of the lymphocytic neoplasm by Dunn (9).
Siegler and Rich (26) traced the evolution of thymic
lymphoma in mice inoculated with Rauscher virus.

Uni

lateral thymic lymphoma developed approximately 70 days
post-inoculation, and dissemination to the spleen and
invasion of the opposite thymus occurred about 5 days
later.
The means of determining the cause of an obscure
disease are limited; however, if a disease can be trans
mitted from host to host by experimental inoculation of
filtrates, it can be assumed that such a disease is
caused by a virus (17).

Ellermann and Bang (11) showed

that chicken leukemia was of viral origin in 1908; this
was the first animal species in which leukemia was suc
cessfully transmitted by means of filtrates.

Not until

1951» when Gross (16) transmitted murine leukemia by
inoculating newborn mice with cell-free extracts, was
there evidence for the viral etiology of leukemia in any
other animal species.

-6-

Rauscher leukemia was characterized as viral In
origin by its discoverer (24) who transmitted the disease
by filtrates and examined infected tissue by electron
microscopy.

Large numbers of typical “C" type murine

oncogenic virus particles were observed in megakaryocytes
of bone marrow and in plasma pellets of sedimented
virus.

Immature virus particles were also seen budding

from the plasma membrane of malignant lymphoid cells in
thin sections of spleen.

The particles were bounded by

a double-1imiting membrane and ranged in overall diameter
from 95 to 110 mu.

The centrally located electron-dense

"nucleoid'' of mature particles measured about 55 mu,
and an Internal limiting membrane was sometimes observed
around the nucleoid (19).

Tall-like structures, as long

as 0.5 u, may represent extensions of the outer limiting
membrane of the virus coat, which apparently is acquired
during the late stages of the budding process (30).

No

internal or terminal tall structures have been observed.
Experimental infection of a wide variety of insects
has been explored with the object of determining which
Insects might serve as natural vectors or reservoirs
of viral agents of disease.

Cockroaches have been shown

to maintain and excrete poliomyelitis virus (15), Cox-

-7-

sackle virus (14), mouse encephalomyelitis virus (27 ),
and yellow fever virus (13) under conditions of experi
mental Infection.

Cone-nosed bugs of the genus Triatoma

have been shown to maintain and to experimentally transmit
yellow fever virus (7).

In one experiment yellow fever

was transmitted mechanically to a test monkey by the
bites of triatomas after an Interrupted blood meal on an
Infected animal.

Transmission experiments with specimens

of Triatoma showed that the agent of orchitic typhus may
be preserved in the insect at least 33 days (28).

Grund-

mann (18) found that Triatoma sanguisuga was capable of
transmitting the virus of western equine encephalomyelitis
by feeding first on an infected guinea pig and then on a
normal guinea pig.
Insects have received some attention as possible
vectors of leukemia.

Butenko (5) reported that a murine

leucosis agent survived 10 days In the bodies of bedbugs
and Induced leucosis when Injected into healthy mice.
Cockroaches have been reported to maintain fowl leucosis
virus up to 96 hours (4).

Hamster reticulum cell sarcoma

with a leukemic manifestation was experimentally transmitted
through the mosquito Aedes aegypti when the Insect was
transplanted subcutaneously to a normal animal 8 hours
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after feeding on an infected animal (1).

However, no

transmission of Rauscher leukemia was obtained when
Aedes aegypti was investigated as either an experimental
or natural vector (2).
Triatomid bugs are the natural and only important
vectors of Trypanosoma cruzi, the causative agent of
Chagas disease (6).

The pathogen multiplies in the

mid-gut of the bug, and man is infected by rubbing of
the feces into the skin (12).

The triatomids are espe

cially numerous in warmer countries, from the southern
half of the United States to Argentina.

Most of the

species live in the nests or burrows of rodents or
other animals on which they feed.
The experimental studies presented in this paper
are designed to investigate the role of the reduviid
bug, Triatoma infestans (Klug), as a vector of Rauscher
murine leukemia.

MATERIALS AND METHODS

Mi ce
BALB/c mice between the ages of 1 and 8 weeks old
were used.

This strain of mice was chosen because it

is resistant to development of spontaneous leukemia.
Mice in the upper age limit were used as donors (i.e.,
a source of infective tissue); insect transmission studies
were performed on mice not older than 6 weeks.

All mice

were maintained on water and Purina mouse breeder chow.
Source of Virus
Rauscher murine leukemia virus was obtained from
the National Cancer Institute, National Institutes of
Health, Washington, D. C., in the form of infected mouse
spleens.

This supply of tissue was used for the initial

infection of BALB/c mice.

Thereafter, spleen removed

from moribund mice was used for the maintenance of the
stock of infected mice and for the experimental studies
described.

Infective material obtained at autopsy was

stored at -78°F.
-9-
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Insects
Triatoma infestans was obtained from colonies estab
lished at the Communicable Disease Centre, Atlanta,
Georgia.

They were maintained in a controlled environ

mental chamber at 80°F and 85% relative humidity and fed
on normal rabbit blood.

Only the adult stage was used

in transmission experiments.
Virus Preparations
Frozen spleen was allowed to partially thaw at room
temperature.

The tissue was weighed and sufficient Simms

balanced salt solution (22) was added to make the desired
concentration, which was expressed in grams percent.
This preparation was homogenized in a tissue grinder,
centrifuged at 2000 rpm for 5 minutes, and the super
natant fluid used for injection.
The infectivity of triatoma-ingested material was
assayed by allowing triatomas to feed to completion on
anesthetized Rauscher-infected mice.

Mice were anesthe

tized for feeding experiments by injecting intraperitoneally 0.10 to 0.15 ml of a 10 mg% solution of sodium
seconal.

The contents of the hemocoele (mixed with ele

ments of hemolymph) were recovered by pressing and/or

-11-

shearing apart the bugs.

The fluid recovered in this

manner was diluted with Simms solution (22) containing
penicillin G (1000 units/ml) and streptomycin (5 mg/ml),
centrifuged and injected as above into test mice.
An alternate method was used for preparing material
held in the triatomid for extended periods (72 hours or
more) since the amount of recoverable blood per insect
declined.

Groups of insects were weighed before feeding

on infected mice and again after desired maintenance
periods.

Sufficient Simms solution was added to make the

appropriate concentration before homogenizing the insects.
After homogenization, the preparation was centrifuged
and injected as previously described.
The infectivity of whole blood was determined by
diluting whole, citrated blood recovered from the brachial
vein of donor mice with Simms solution and injecting into
test mice.
Both whole blood and blood recovered after ingestion
by triatomas was diluted to the desired concentration by
assuming that 1 ml equaled 1 g.
expressed in grams percent.
Inoculation Procedure

The concentration was

-12-

Mice were injected intraperitoneal1y with 0.2 ml
of virus preparation.
Autopsy Procedure
When a mouse exhibited a palpable spleen, or when
sufficient time had elapsed for the appearance of disease
signs (three months), the animal was anesthetized with
ether or chloroform.

Blood was collected from the

brachial vein for a nucleated cell and differential
count.
An autopsy was performed and gross observations on
the condition of the liver and spleen were recorded.
Splenic enlargement was rated on a scale from 0 to +k.
No enlargement was indicated by 0; slight enlargement
(weight 0.5 to 1 gram) by +1; moderate enlargement (weight
1.0 to 1.5 gram) by +2; great enlargement (weight 1.5 to
3 grams) by +3; and great enlargement with isolated
tumour nodules, measuring 0.5 to 1.0 mm and becoming con
fluent, by +k.
Liver and spleen were sectioned for histological
study.

In some cases, impressions were also made from

these tissues.

Sections were stained with hematoxylin

and phloxine and/or Giemsa.

Impressions were stained with

“

Wrlght-Giemsa.
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“

Differential counts were stained according

to Wright's method.
The degree of leukemic involvement in sections was
rated on a scale from 0 to +4.

In liver sections, a

rating of +1 was assigned when infiltration by a large,
intensely basophilic, mononuclear cell was slight, while
+2 indicated extensive infiltration by this same type of
cell.

Ratings of +3 and +4 were made when large mono

nuclear cells having a vesicular nucleus, one or more
nucleoli, and a moderate amount of basophilic cytoplasm
were present.

This type of cell seemed to represent a

later stage in the disease, since it was observed only
in those animals which had advanced cases of leukemia.
No infiltration was designated by 0.
Splenic involvement was described histologically by
a scale from 0 to +4.

Normal tissue was rated 0; tissue

which was beginning to show an increase in large, very
basophilic cells in the red pulp with some disruption
of white pulp by +1; marked disruption of splenic nodules,
occlusion of follicular arteries, and reduction of tra
beculae by +2; progression of the process described with
little distinction remaining between red and white pulp
areas by +3; and the preceding with the addition of large
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areas of hemorrhage showing varying degrees of organi
zation by +4.
Diagnosis
Diagnosis of leukemia was made primarily on the
basis of histological examination of liver and spleen.
Gross observations at time of autopsy and differential
and nucleated cell counts were used to supplement histo
logical examination.

In questionable cases, the slides

were sent to the Department of Pathology, University of
North Dakota, or to National Institutes of Health,
Bethesda, Maryland, for confirmation of diagnosis.

RESULTS

Experiment I
The ability of Triatoma infestans to act as an experi
mental vector of Rauscher leukemia was tested in the
first experiment.

A comparison between infective blood

held 2 hours in Triatoma and spleen suspension stored
2 hours at room temperature was attempted by determining
the increase in the ratio of weight of spleen to weight
of mouse over a 12 day period.
A group of T. infestans was allowed to feed on leu
kemic mice, after which they were maintained at room
temperature for 2 hours.

A 7 gm% suspension was prepared

and injected into 2k test mice (0.2 ml, ip).
Spleens from mice upon which the triatomids had fed
were removed and stored at room temperature for 2 hours.
A 7 gm% suspension was prepared and injected into 2k test
mice (0.2 ml, ip).
Two animals were selected randomly from each group
and autopsied at daily intervals for a period of 12 days.
The weight of the spleen was divided by the weight of the
-

15-
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whole mouse and a ratio obtained.

Sections of liver and

spleen were taken for histological study.

(See Table 1)

The increase in the ratio of spleen weight to total
mouse weight is linear and little difference between the
two sources of infective material is seen.

It was con

cluded that the ingestion of infective blood by T_. infestans has no immediate effect on the number of infectious
particles present.
Experiment II
The earliest time at which infective virus could be
obtained from the blood of an animal injected intraperitoneally with Rauscher spleen suspension was determined
by a study of the viremic period.

A comparison of the

infectivity of blood ingested by £. infestans, blood col
lected by syringe, and spleen suspension was made.
A large group of BALB/c mice was injected on day 0
of the test period with a 10 gm% infected spleen suspen
sion.

At intervals beginning 1 day after injection two

mice were selected from the group for virus assay.

Tria-

tomas were allowed to feed on the mice and the insects
were then held at room temperature for 1 hour.
suspension was prepared from the ingested blood.

A 10 gm%
Blood

TABLE

INCREASE IN WEIGHT OF

SPLEEN

I

OF

R A U SCH ER-IN FECTED

TRIATOMA- -INGESTED SPLEEN HOMOGENATE
DAYS

NORMAL CONTROLS

M IC E

FOLD INCREASE

PO ST
WT

SPLEEN

NO P 0 3 I T I V ?

WT

SPLEEN

NO P O S I T I V E

WT

SPLEEN

NO. P O S I T I V E

INJECTION

T R IA T O M A IN G E S T E D

WT

MOUSE

NO. IN J E C T E D

WT

MOUSE

NO. I N J E C T E D

1

.0081

0/2

.0 06 6

0/2

2

.0 105

0 /2

.0070

3

0 151

2 /2

4

.0 137

5

WT.

MOUSE

1 .04

0.846

0/2

1 .35

0.898

.0 123

0/2

1 .94

1.58

2/2

.0114

2/2

1 .76

1.46

.0 1 44

2/2

.0 1 23

2/2

1 .85

1.58

6

.0 187

2/2

.0181C

1/2

2.40

2.32

7

.0295

2/2

.0 17 9

2/2

3.78

2.30

8

.0267

2/2

.0240

2/2

3.43

3. 06

9

.0392

2/2

.0300

2/2

5.02

3. 84

10

.042 1

2/2

.0302

2/2

5.40

3. 87

11

.04 1 7

2/2

.0486

2/2

5.35

6 23

12

.0492

2/2

.0837 C

1/2

6.32

10.73

(o) A V E R A G E
(c) RATIO

OF 2

MICE,

OBTAINED

FR OM

(b) MICE
S IN G LE

H IS T O L O G I C A L L Y
MOUSE

.0078

NO. E X A M IN E D S U S P E N S I O N

POSITIVE

FOR

0/4

SPLEEN

S U S P E N SIO N

RA U S C H ER

WHICH WAS H I S T O L O G I C A L L Y

LEUKEMIA,

POSITIVE.
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was collected from the brachial vein of the two mice used
for insect feeding and diluted to a 10 grri% concentration.
The spleen was then removed from these mice and a 10 gm%
homogenate prepared.
Three groups of normal BALB/c mice were injected with
the three different preparations (0.2 ml, ip).

Animals

were autopsied 28 days post-injection or whenever death
appeared imminent.

(See Table 2)

Both blood and spleen preparations were infective
as early as 1 day post-inoculation and throughout the
13-day period studied, with the exception of day 7.

(See

Table 2)
Histological study revealed that the spleen suspen
sion elicited a more intense response throughout the test
period than did triatoma-ingested blood or syringe collected
blood.

The amount of infiltration in the liver and spleen

was greater with the spleen suspension source, and the
average time until death was shorter throughout most of
the test period.

This suggests that the number of infec

tious particles is generally greater in material derived
from spleen tissue homogenates than in blood of an equi
valent concentration.
The intensity of response increased to about the same

TABLE 2
VIREM IC

SOURCE
INFECTIVE

PERIOD

FOR

DAYS

OF
M ATERIAL

1

2

MICE

INJECTED

FOLLOWING
3

4

WITH

INJECTION OF DONOR
7

5

6

5/ 5

5/5

%

5' 5

%

T R I A T O M A INGESTED
BLOOD

%

%

%

'%

SYRINGE COLLECTED
BLOOD

%

5 's

%

9/9 %

%

%

5/ 5 %

%

%%

SPLEEN

SUSPENSIO N

R A U S C H E R VIRUS

5' 5

9

II

MICE
12

14

16

18

%

5' 5

5'5

5'5

5/ 5

%

®/S

5' 5

%

%

5/5

%

%

%

%

%

%

NUMERATOR INDICATES NUMBER 0 F RECIPIEN T MICE POSITIV E FOR L E U KEMIA.
DENOMINATOR INDICATES N U M B E R OF RECIPIENTS I N J EC TE D WITH DONOR T E S T MATERIAL.
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degree in the two preparations of blood over the period
studied.

Early in the viremic period (day 1 to day 6)

the type of cell which predominated was a large, intensely
basophilic, mononuclear cell with a narrow rim of deeply
basophilic cytoplasm.

(See Plate 1)

Later in the period

studied (day 9 to day 18) the predominant type of cell
was also large and mononuclear but was less basophilic
and had a large, vesicular nucleus showing one or more
nucleoli.

(See Plate 2)

The time until death of recipient mice inoculated with
spleen suspension derived early in the viremic period (1-4
days) averaged 25 days.

For mice inoculated with either

Triatoma-ingested or syringe collected blood taken early
in the viremia, the time until death was about 50 days.
Both blood and spleen suspensions derived from donor mice
later in the period (16-18 days post-inoculation) pro
duced death in recipient mice within 18 to 28 days.

The

titre of virus appears to be initially higher in the
spleen than in the blood, but after 12 to 18 days the two
sources are more equal in terms of numbers of infectious
particles, and both are considerably higher in titre than
during the early part of the viremia.
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Experiment III

The viability of Rauscher virus held in T_. infestans
for extended periods of time was tested in order to in
vestigate the possibility that T_. infestans could act as
a biological vector.
Groups of triatomids were allowed to feed naturally
on anesthetized Rauscher-infected mice.

The mice were

autopsied after the feeding and sections made of liver and
spleen to confirm that they were positive for leukemia.
The insects were maintained at 30°C for intervals of 2 to
168 hours.

After the appropriate incubation period in the

experimental vector, a suspension was prepared and injected
(0.2 ml, ip) into test mice.

(See Table 3)

The results obtained indicate that the titre of
Rauscher virus decreases over a period of 48 hours incu
bation time in the insect.

No infectivity remains at 72

hours, or at any time after 72 hours up to one week.
Experiment IV
Biological transmission was attempted by allowing
insects to feed on anesthetized, leukemic mice.

After

maintenance at 30°C for 72 and 168 hours, two insects
were released upon each of nine normal, anesthetized mice

-
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TABLE 3
M A IN TEN A N CE

OF

R A U S C H E R VIRUS

IN T R I A T O M A
NU MBER OF HOURS
INCUBATED

IN

8

PO SITIVE MICE

CONC ENTRATION

TOTAL MICE INJECTED

T R IA T O M A

*

IN F E ST A N S

IN J EC T E D

2

35/35

10 gm %

4

15/ 15

10 gm %

24

2 0 / 21

lOgm %

48

4 /6

10 gm %

72

0 / 12

20gm %

96

0/ 6

2 0 gm %

120

0 /6

144

0 /6

20gm%

168

0 /6

10 g m %

TRIATOMA

IN

1.5 ml

SIMMS

*

DILUENT.
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Test animals were autopsied over a period of
months after the experiment.

No positives were obtained

on the basis of histological examination of liver and
spleen.
Experiment V
Mechanical transmission was investigated by inter
rupting the feeding of insects upon leukemic mice and
transferring them immediately to normal mice.

The number

of triatomids transferred from an infected animal to a
normal animal ranged from 1 to 30.
Autopsy and histological examination of 12 test
animals revealed no evidence of leukemia.
Mechanical transmission was simulated by dipping a
sterile pin, 2 mm in length, into blood flowing from the
brachial vein of an infected animal and then immediately
pricking the abdominal wall of a normal animal.

The num

ber of pin pricks a single animal received ranged from 1
to 20.
Two mice which had received 20 pin pricks showed
gross and histological evidence of leukemia, with death
occurring k6 days post-injection.

One mouse receiving 2

pin pricks was histologically suspicious for leukemia when

-
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sacrificed 146 days post-injection, but no definite diag
nosis could be made.

A fourth animal, which had received

9 pin pricks, was diagnosed as having developed a spon
taneous myelogenous leukemia.

The other 15 animals tested

in this experiment were negative for leukemia.
Experiment VI
The ability of triatomid species to transmit the
protozoan agent of Chagas disease depends upon their
defecating immediately after a blood meal, so that the
infective feces are scratched into the skin.
Triatomids were allowed to feed on leukemic mice, and
feces were collected during, and for 2 hours after,
feeding.

A 75 gm% suspension was prepared and 11 test

mice injected (0.2 ml, ip).
Animals were autopsied 126 days later.

No positive

results were obtained by histological examination of
tissues.

i

DISCUSSION

Trlatomids regularly Inhabit the burrows of rodents
and feed upon them.

Because of the close natural rela

tionship existing between the two species, the possibility
that Trlatoma infestans might be a vector of Rauscher
murine leukemia was investigated.
When the infectivlty of Rauscher spleen suspension
was compared with leukemic blood ingested 2 hours pre
viously by £. infestans by a study of the increase in the
spleen to mouse weight ratio, no significant difference
in the two sources of infective material was detectable.
A 2-hour exposure of leukemic blood to the digestive
tract of T_. infestans has no apparent Inactivating effect
on Rauscher virus contained in the ingested blood.
Insect-borne viral diseases have at least one thing
in common:

a high degree of viremia must exist in the

host for a period of time sufficient to allow the insect
to Ingest a large number of infectious particles.

A high

titre of circulating virus is required for transmission of
disease even in those Instances where virus replicates in
-
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the tissues of the insect host.
The viremic period for mice injected with Rauscher
virus was determined using T^. infestans as a biological
instrument for obtaining blood for injection into assay
mice.

Blood collected in this manner was compared with

blood collected by severing the brachial vein, and with
spleen homogenate derived from the same animals.

Results

showed that infective virus is recoverable from the blood
of an animal as soon as 1 day after inoculation with virus
suspension.

It is also recoverable from mouse spleen 1

day post-injection.
Inoculum recovered from the spleen causes an increased
degree of tissue invasion and decreases the time until
death when compared with inoculum derived from blood of
mice injected 1 to 6 days previously.

The invading cell

is large and primitive with a vesicular nucleus, abundant,
poorly defined cytoplasm, and one or more prominent nu
cleoli.

Peripheral blood smears show many smudge cells,

polychromasia of red cells, and often a marked degree of
anisocytosis and poikilocytosis.
The histological response elicited by inoculation of
recipients with blood from mice injected a short time pre
viously appears to be less acute.

Infiltration is more
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often confined to separate foci, and the cells involved
appear to be more mature than those observed when spleen
homogenate is used as an inoculum.

A relative condensa

tion of nuclear material is apparent.

Nucleated red cells

are often a conspicuous feature of the peripheral blood,
but there are usually fewer smudge cells.
The difference in response between spleen and blood
inocula derived from mice 1 to 6 days post-injection may
be due to the presence in spleen homogenates of a larger
number of infectious particles, causing a more acute and
rapidly fatal disease.
Later in the 18-day period studied, the infectivity
of blood approaches that of spleen homogenate.

Perhaps,

replication of virus occurs in cells of the spleen with
the resultant proliferation of susceptible cells causing
a steadily increasing amount of spill-over of infectious
material into the circulatory system.
Virus was not recoverable from the blood of mice in
jected 7 days previously, suggesting a partial or total
regression of viremia.

That the animals assayed for the

presence of virus in the blood were infected with Rauscher
t

leukemia is borne out by the fact that the spleen homogen
ate prepared from these 7-day animals did produce leukemia
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In recipient mice.

A 7-day assay of blood was done on

only one occasion, although the other days studied were
assayed more than one time with reproducible results.
Assuming that the apparent regression is a repro
ducible occurrence, it may be a manifestation of some
alteration in the life cycle of the virus, such as an
eclipse phase.

If this is the case, the virus recoverable

from blood on the first six days may be due to clearing
of virus from the site of inoculation and sequestration in
the spleen where susceptible cells are found.

Perhaps,

regression on day 7 represents a point in the infection
when virus has been removed from the site of inoculation
but has not been replicated in cells of the spleen to an
extent sufficient to cause a spill-over of virus into the
circulatory system.

This explanation would also be com

patible with other findings which suggest that blood pro
duces a less acute response when derived from animals a
few days after inoculation.
Although the ingestion of leukemic blood by J_, infestans had no immediate effect on the infectivity of the
material, later experiments showed that infectivity de
creased over a 48-hour period and that none remained at
72 hours or at later times up to 168 hours.

Since T. in-
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festans takes a full blood meal at Intervals of

to 2

weeks, it appears unlikely that this insect would act
as a biological vector under natural conditions with any
degree of regularity.
Biological transmission would require that the virus
be replicated in the insect tissue or that the virus remain
viable in titres sufficient to produce disease in animals
when injected with the salivary secretions of the insect
during its next meal.

Since there was no recovery of

virus after 48 hours, no evidence exists for the persis
tence of infectious particles at the most likely time of
the insect's next meal.
The possibility that virus was being excreted immed
iately after feeding, which is when T_. infestans char
acteristically defecates, was tested in one instance by
injecting mice with feces suspensions.

No evidence was

obtained for excretion of virus in amounts sufficient to
produce disease at this time.

Excretion after a second

infective meal (approximately 2 weeks later) was not
tested but is considered unlikely since whole-insect
homogenates fail to produce disease after 48 hours.
The experiment in which biological transmission was
attempted after holding for 72 and 168 hours triatomids
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which had taken a leukemic blood meal has its major short
coming in the total number of mice tested and in the
number of triatomids allowed to bite each mouse.

The

mechanical problems inherent in the experiment are re
lated to the reluctance of T\ infestans to feed a second
time after an interval of 72 or 168 hours.

Another prob

lem is that a large number of insects feeding upon a single
mouse may result in exsanguination of the mouse.

A solu

tion to both problems would be an experiment in which
triatomids were allowed a partial meal on infected animals.
If the insects were not completely satiated by the first
meal, they might be persuaded to accept a second meal on
normal mice within the ^S-hour viability limit of the
virus.

In addition, larger numbers of insects could be

released upon a single mouse without danger of exsan
guination.

The effect on recipients of repeated exposures

to infected insects over a period of weeks is unknown.
Repeated exposures might better simulate natural condi
tions existing in rodent burrows where triatomids could
conceivably take partial meals on leukemic animals and
then on non-leukemic animals over a period of many weeks.
The possibility of mechanical transmission of virus
carried on the proboscis of the insect from one mouse to
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another was investigated.

Triatomids were interrupted

during their meal on a leukemic animal and transferred
to a normal animal on which they continued their meal for
a short time.

Although no positive results were obtained

by allowing up to 30 triatomids to feed on a single normal
mouse, successful transmission did occur using an arti
ficial method of mechanical transfer of virus.

When a

2 mm pin was dipped in blood flowing from the brachial
vein of a leukemic mouse and used to inoculate a normal
animal, 20 pin pricks produced Rauscher disease in
recipients.
It is difficult to make a valid comparison between
the triatomid proboscis and the pin.

They are approx

imately the same length, but the insect inserts its
proboscis to varying depths while the pin was inserted
to a relatively uniform depth.

The triatomid probes its

food source for a capillary while the pin is pushed into
a capillary only by accident.

The pin was estimated to

have a surface area 20 times greater than that of the
insect proboscis, so transmission by this means may be
simply a matter of transfer of a greater number of par
ticles.

Direct inactivation of virus by the salivary se

cretions to which blood is exposed in the proboscis is
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another possibility.
Although this study has severe limitations with
regard to the small numbers of animals tested, no evi
dence for the natural transmission of Rauscher leukemia
by T\, infestans was obtained.

From the preliminary exper

iments presented here, it appears that this insect does
not transmit Rauscher virus with a frequency high enough
to incriminate it as a primary vector.

However, it is

felt that the ability of T_. infestans to act as a low
frequency or occasional vector was not tested.
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